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%XHWWQHUDQG.DXGHU7KHHIIHFWRIXVLQJ*'3DQGFRQVWUXFWLRQRIHFRQRPHWULFPRGHOVVROYHV-HQNLQVHWDO
'HVFULSWLRQRIWKHLVVXHRIWLPHVHULHVDQGYDULRXVVWDWLVWLFDOWHVWVDUHOLVWHGLQ$UOWDQG$UOWRYi(UURUV
LQHVWLPDWHVRIWD[IRUHFDVWLQJGHDOVâSDOHNDQG0RUDYHQVNêDQG/DVWHUHWDO
$UWLFOH LWVHOI LQ WKH ILUVW SDUW GHDOV ZLWK WKH GHILQLWLRQ RI VHOHFWHG YDULDEOHV 7KHVH UHVSRQVH YDULDEOHV DUH
JUDSKLFDOO\ DQDO\]HG DQG WKHLU GHYHORSPHQW LV EULHIO\ VXPPDUL]HG ([SODQDWRU\ YDULDEOHV DUH DQDO\]HG IRU WKHLU
UHODWLRQVKLSWRWKHH[SODQDWRU\YDULDEOHVDQGDOVRLVDQDO\]HGWKHLUGHYHORSPHQW7KHVHFRQGSDUWLVGHGLFDWHGWRWKH
PHWKRGLFDOGHVFULSWLRQRI WKHGDWD LQ WHUPVRIDGMXVWPHQWDQGIXUWKHUPHQWLRQV WKHPHWKRGRIUHJUHVVLRQDQDO\VLV
7KHWKLUGSDUWLVDERXWDOUHDG\GHULYHGUHJUHVVLRQPRGHOVWKDWDUHWHVWHGIRUTXDOLW\EDVHGSUHGLFWLYHDELOLW\XVLQJWKH
H[SRVWH[DQWH&RQFOXVLRQRIWKHDUWLFOHEULHIO\VXPPDUL]HVWKHUHVHDUFK
&KRVHQYDULDEOHV
7RDFKLHYHWKHREMHFWLYHRIWKHDUWLFOHZDVVHOHFWHGFRXQWU\RI'HQPDUN7KHDFWXDOWLPHVHULHVRIWKHYDULDEOHV
DUHVLQFH WR'HQPDUN LWVHOIZDVFKRVHQZLWKUHJDUG WRQRWRQO\ WKH ORQJHVW WLPHVHULHVEXWDOVRZLWK
OLJKWUHODWLYHVLPLODULWLHVLQWKHHFRQRPLFILHOGZLWKWKH&]HFK5HSXEOLF
2.1. Tax income 
$OWKRXJKWKHUHSUHVHQWDWLRQRIGLIIHUHQWJURXSVRI WD[HV LQ WKH WD[PL[HVYDU\RYHU WLPHDVREVHUYHGYDULDEOHV
ZHUHFKRVHQWKHPRVWVLJQLILFDQWWD[UHYHQXHVRIFXUUHQWWD[HVDQGWRWDOWD[UHYHQXH7RWDO:LWKLQHDFKJURXSRI
WD[HVZHUHVHOHFWHGIROORZLQJWD[HVSHUVRQDOLQFRPHWD[3,7WD[RQFRUSRUDWHLQFRPHWD[&,7YDOXHDGGHGWD[
9$7
7RWDOWD[LQFRPHRI'HQPDUNDQDO\]HVWKHIROORZLQJILJXUH

6RXUFH'DWD2(&'$XWKRU¶VDGMXVWPHQWV
)LJ7RWDOWD[UHYXHELOO'..
7KHDFWXDOGHYHORSPHQWRIWKHWRWDOWD[FROOHFWLRQVKRZVGXULQJREVHUYHG\HDUVVWHDGLO\LQFUHDVLQJOLQHDUWUHQG
2IFRXUVHHYHQKHUHFRXOGEHVHHQRFFDVLRQDOGHYLDWLRQVIURPWKHWUHQGZKHQLQWKH\HDUVWRLVYLVLEOH


'DWDIURP2(&'FRYHUV\HDUEXWDFFRUGLQJWRWKH2(&'PHWKRGRORJ\WKLVGDWDDUHRQO\HVWLPDWHVVRWKLV\HDULVH[FOXGHGIURP
WKHPRGHO
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VRPHGHFOLQHLQWKHJURZWKRIWRWDOWD[UHYHQXHV7KHQWKHUHLVWKHYLVLEOHLPSDFWRIHFRQRPLFJURZWKEHWZHHQ
DQGIROORZHGE\DGHFOLQHLQFROOHFWLRQLQZKLFKZDVFDXVHGE\WKHJOREDOHFRQRPLFFULVLV*HQHUDOO\
WKHGHYHORSPHQWRI WKH WRWDO WD[FROOHFWLRQGHVFULEHVDVLPSOH OLQHDU WUHQGH[FHSW IRUPLQRUGHYLDWLRQVFDXVHGE\
H[RJHQRXVIDFWRUVDQGKHQFHLWVHHPVWKDWWKHVHOHFWHGYDULDEOHLVZHOOH[SODLQHGE\OLQHDUUHJUHVVLRQDQDO\VLV
'HYHORSPHQWRIFROOHFWLRQRILQFRPHWD[RILQGLYLGXDOVLVGRFXPHQWHGLQ)LJXUH

6RXUFH'DWD2(&'$XWKRU¶VDGMXVWPHQWV
)LJ3HUVRQDOLQFRPHWD[UHYHQXHELOO'..
7KH GHYHORSPHQW RI SHUVRQDO LQFRPH WD[ FROOHFWLRQ DOVR VKRZV D FRQVWDQW RVFLOODWLRQ DURXQG D OLQHDU JURZWK
WUHQG$Q LQWHUHVWLQJ ILQGLQJ LV WKH UHODWLYHO\KLJK DPRXQWRIRI FROOHFWLRQ DULVLQJ IURP WKLV WD[ZKLFKPDNHVXS
PRUHWKDQRI WRWDO WD[FROOHFWLRQV7KLVSKHQRPHQRQLV W\SLFDOIRU6FDQGLQDYLDQFRXQWULHVZKHUHWKHJHQHUDO
OHYHORI WD[DWLRQRISHUVRQDO LQFRPHLVKLJK(YHQRQWKLVJUDSKDUHVHHQIOXFWXDWLRQVFDXVHGE\HFRQRPLFJURZWK
DQG WKH VXEVHTXHQW HFRQRPLF UHFHVVLRQ  WR  $JDLQ HYHQ WKLV UHVSRQVH YDULDEOH FDQ DVVXPH JRRG
SUHGLFWLYHDELOLW\IRUPRGHOVGHULYHGE\OLQHDUUHJUHVVLRQDQDO\VLV
8QIRUWXQDWHO\ GHYHORSPHQW RI WKH FRUSRUDWH WD[ FROOHFWLRQ LV QR ORQJHU IULHQGO\ LQ WHUPV RI WKH FKRVHQ
PHWKRGRORJ\DVGRFXPHQWHGLQ)LJXUH
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
6RXUFH'DWD2(&'$XWKRU¶VDGMXVWPHQWV
)LJ&RUSRUDWHLQFRPHWD[UHYHQXHELOO'..
7KHDFWXDOGHYHORSPHQWRIWKHPRQLWRUHGYDULDEOHFDQEHGHVFULEHGDVPRUHYRODWLOHFRPSDUHGZLWKWKHSUHYLRXV
JUDSKV$JDLQ WKHUH LV D YLVLEOH UHVXOW RI D SHULRG RI HFRQRPLF JURZWK LQ WKH \HDUV  WR  EXW WKHUH LV D
QRWLFHDEOHLQIOXHQFHRIYDULRXVRWKHUH[RJHQRXVYDULDEOHVVXFKDVFKDQJLQJWD[UDWHVRURWKHUPDMRUPRGLILFDWLRQVWR
WKHWD[DOJRULWKP9HU\VLJQLILFDQWLVWKHGHFOLQHLQUHIOHFWLQJWKHLPSDFWRIWKHFULVLV
'HVFULSWLRQRIWKHGHYHORSPHQWRIWKLVYDULDEOHE\QRQOLQHDUWUHQGIXQFWLRQVLQGLFDWHVWKDWWKHXVHRIUHJUHVVLRQ
DQDO\VLVKHUHZLOOEHPRUHGLIILFXOW$IWHUWKLVJUDSKLFDODQDO\VLVLWLVFOHDUWKDWLWZRXOGOHDGWREHWWHUUHVXOWVXVLQJ
WLPHVHULHVDQDO\VLV+RZHYHUWKHDLPLVWRDSSO\WRDOOH[SODQDWRU\YDULDEOHVVDPHPHWKRGRORJ\VRZHFDQH[SHFW
D FHUWDLQ GHJUHH RI LPSUHFLVLRQ LQ UHJUHVVLRQ PRGHOV $OWHUQDWLYHO\ LW LV SRVVLEOH WR XVH IXQFWLRQ RI WLPH DV DQ
H[SODQDWRU\YDULDEOH
7KH ODVW UHVSRQVH YDULDEOH LV DQ LQFRPH RI YDOXH DGGHG WD[ )LJXUH :KLOH GHYHORSPHQW LWVHOI VKRZV VRPH
GHYLDWLRQV IURP WKH OLQHDU WUHQG EXW QRW VLJQLILFDQW HQRXJK WKDW ZRXOG ULVN GLVWRUWLRQ LQ PRGHOV HVWLPDWHG E\
UHJUHVVLRQ DQDO\VLV $JDLQ DOVR LQ WKLV ILJXUH LV YLVLEOH WKH SRVLWLYH LPSDFW RI HFRQRPLF JURZWK SHULRG  WR
IROORZHGE\WKHDUULYDORIWKHHFRQRPLFFULVLV


,QWKHFDVHRIWLPHVHULHVDQDO\VLVZRXOGSUREDEO\EHSRVVLEOHWRXVHPRGHOV$50$RU$50$
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
6RXUFH'DWD2(&'$XWKRU¶VDGMXVWPHQWV
)LJ9DOXHDGGHGWD[UHYHQXHELOO'..
)URPUHVXOWVRIWKHJUDSKLFDODQDO\VLVRIVHOHFWHGRIWKHUHVSRQVHYDULDEOHVLVFOHDUWKDWUHJUHVVLRQDQDO\VLVFRXOG
OHDG WR XVHIXO HVWLPDWHV RI WD[ UHYHQXHV 7KH SUREOHP RI WKH GHYHORSPHQW RI WKH FRUSRUDWH WD[ LQFRPH FDQ EH
SDUWLDOO\ UHPRYHG E\ DGGLQJ D IXQFWLRQ RI WLPH DV H[SODQDWRU\ YDULDEOH$Q LQWHUHVWLQJ IDFW LV WKDW FRUSRUDWH WD[
LQFRPHLVDUHODWLYHO\OHVVLPSRUWDQWIURPWKHSHUVSHFWLYHRIWKH'DQLVKWD[PL[
2.2. Chosen macro-indicators as explanatory variables 
7KHPRGHOLWVHOILVFOHDUO\LQIOXHQFHGE\WKHFKRLFHRIH[SODQDWRU\YDULDEOHV7KHVHYDULDEOHVPXVWKDYHDFHUWDLQ
GHJUHHRIGHSHQGHQFHLQUHODWLRQWRWKHUHVSRQVHYDULDEOHVDQGVKRXOGPHHWFHUWDLQHFRQRPLFFDXVDOLW\([SODQDWRU\
YDULDEOHVIRUWKLVSRVWZHUHFKRVHQRQH[SHULHQFHDFFRUGLQJWRDXWKRU¶VSUHYLRXVUHVHDUFKDQG.OD]DU
'HILQLWHO\WKHPRVWIUHTXHQWO\XVHGH[SODQDWRU\YDULDEOHLVWKHJURVVGRPHVWLFSURGXFW*'3ZKLFKVKRXOGEH
DEOHWRDFFXUDWHO\FDSWXUHWKHRYHUDOOGHYHORSPHQWRIWKHHFRQRP\VXUYH\HGFRXQWU\8QIRUWXQDWHO\WKHXVHRI*'3
LPSOLHV VRPH GLVDGYDQWDJHV$ W\SLFDO SUREOHP IRU WKH XVH RI*'3 LV D SRVVLEOH SUHVHQFH RI DXWRFRUUHODWLRQ DQG
PXOWLFROOLQHDULW\RULJLQDQGHOLPLQDWHWKHVHSKHQRPHQDDUHH[SODLQHGLQWKHQH[WVHFWLRQRIWKLVDUWLFOH,QWKHFDVH
RIVLPSOHOLQHDUUHJUHVVLRQLVFOHDUO\EHQHILFLDOXWLOL]DWLRQRI*'3EXWLQWKHFDVHRIPXOWLSOHUHJUHVVLRQLWKDVPRUH
FRPSOLFDWHGXVH
7KHDFWXDOGHYHORSPHQWRIWKH'DQLVK*'3LVGRFXPHQWHGLQ)LJXUH
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
6RXUFH'DWD2(&'$XWKRU¶VDGMXVWPHQWV
)LJ*URVVGRPHVWLFSURGXFWELOO'..
(YHQLQWKHFDVH*'3LVFOHDUWKDWWKHGHYHORSPHQWJRYHUQHGE\VLPSOHOLQHDUWUHQG+HUHDJDLQZHDUHVHHLQJWKH
FRQVHTXHQFHVRIWKHJOREDOHFRQRPLFFULVLVLQ:KHQFRPSDULQJ*'3GHYHORSPHQWDQGH[SODQDWRU\YDULDEOHV
LVFOHDUWKDW*'3LVDYHU\JRRGH[SODQDWRU\YDULDEOH,QWHUPVRIWD[UHYHQXHFDQEHH[SHFWHGWKDWWD[UHYHQXHVZLOO
EHSRVLWLYHO\FRUUHODWHGZLWK*'3JURZWK,QWKHFDVHRIGLUHFWWD[HVWRJHWKHUJURZWKLQ*'3PD\FDXVHWKHJURZWK
RILQFRPHRUSURILWVRILQGLYLGXDOWD[SD\HUVZKLFKDUHWD[EDVHVIRU3,7DQG&,7)RU9$7SXUSRVHVLWVKRXOGEH
QRWHGWKDWDQLPSRUWDQWGHWHUPLQDQWRI*'3LVFRQVXPSWLRQZKLFKVKRXOGKDYHDSRVLWLYHLPSDFWRQWKHDPRXQWRI
9$7FROOHFWLRQ
2WKHUH[SODQDWRU\YDULDEOHZHUHFKRVHQ WREHDEOH WRFRPSOHPHQW*'3RUVXEVWLWXWH LW IXOO\ZLWKLQIRUHFDVWLQJ
PRGHOV
2WKHUVHOHFWHGH[SODQDWRU\YDULDEOHLVWKHYROXPHRIH[SRUWV9B(;37KLVLQGLFDWRUZDVFKRVHQVSHFLILFDOO\IRU
9$7SXUSRVHVZKHUHLWLVSRVVLEOHWRDVVXPHDFHUWDLQDPRXQWRISRVLWLYHFRUUHODWLRQ2IFRXUVHWKHH[SRUWYROXPH
PD\ DOVR EH FRUUHODWHG ZLWK WKH GHYHORSPHQW RI WKH HFRQRP\ HVSHFLDOO\ LQ VPDOO RSHQ HFRQRPLHV 7KH
GHYHORSPHQWRIH[SRUWYROXPHVVKRZQLQWKHIROORZLQJFKDUW

6RXUFH'DWD2(&'$XWKRU¶VDGMXVWPHQWV
)LJ9ROXPHRIH[SRUWELOO'..
7KH DFWXDO GHYHORSPHQW RI WKH'DQLVK H[SRUW QRW FRS\LQJ EDVLF OLQHDU WUHQG EXW RQ WKH RWKHU KDQG JUDSKLFDO
DQDO\VLVVKRZVWKDWLWLVVLPLODUO\LQIOXHQFHGE\WKHRFFXUUHQFHRIH[RJHQRXVIDFWRUV$W\SLFDOH[RJHQRXVIDFWRULV
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WKHSHULRGIURPWRZKHQLWLVDSSDUHQWLPSDFWRIWKHHFRQRPLFFULVLV7KHDGYDQWDJHRIWKLVYDULDEOHLVQRW
DGHJUHHRIFRUUHODWLRQZLWKWKHRWKHUFKRVHQYDULDEOHVXQOLNH*'3
$QRWKHU REVHUYHG H[SODQDWRU\ YDULDEOH LV WKH ILQDO SULYDWH FRQVXPSWLRQ )3& 7KLV LQGLFDWRU LV DJDLQ PRUH
VXLWDEOHIRUHVWLPDWLQJWD[UHYHQXHVIURP9$7)XUWKHUPRUHWKLVFDQEHXVHGWRH[SODLQDVDVXEVWLWXWHIRU*'3LQ
PRGHOVZKHUHKLVSUHVHQFHFRXOGFDXVHDFHUWDLQGHJUHHRIGLVWRUWLRQ7KHDFWXDOGHYHORSPHQWRIILQDOFRQVXPSWLRQ
LVGRFXPHQWHGLQ)LJXUH

6RXUFH'DWD2(&'$XWKRU¶VDGMXVWPHQWV 
)LJ)LQDOSHUVRQDOFRQVXPSWLRQELOO'..
$JDLQLWLVHYLGHQWWKDWWKHXVHRIWKLVYDULDEOHLQWKHUHJUHVVLRQPRGHOZLOOQRWEHDSUREOHPEHFDXVHDJDLQWKHUH
LVDVLJQLILFDQWOLQHDUWUHQGHYLGHQW7KHHFRQRPLFFDXVDOLW\RIWKHUHVSRQVHYDULDEOHDVVXPHVWKDWHFRQRPLFJURZWK
LQ WKHFDVHRI WD[SD\HUVVSHQGPRUH ZKLFKGRQRWDOZD\V+HUHDJDLQDUHYLVLEOHFRQVHTXHQFHVRI WKHHFRQRPLF
FULVLVRI
7KLVYDULDEOHDOVRVKRZVDFHUWDLQGHJUHHRIFRQVHUYDWLYHDSSURDFKWD[SD\HUVIRUFRQVXPSWLRQ7KLVSKHQRPHQRQ
FDQEHVHHQIURPWKHJURZWKUDWHRIILQDOFRQVXPSWLRQLQWKHSHULRGIROORZLQJORFDOPD[LPD:HFDQDVVXPHWKDW
FRQVXPHUVDUHPRUHFDXWLRXVLQWKHLUVSHQGLQJDVDUHVXOWRIYDULRXVORFDOFULVHV7KLVIDFWPD\FDXVHVRPHGHJUHHRI
ELDVLQUHJUHVVLRQPRGHOVEXWEHFDXVHRIWKHDLPVRIWKLVDUWLFOHLWFRXOGEHDEVWUDFWHGIURPLW
7KHODVWVHOHFWHGH[SODQDWRU\YDULDEOHLVWKHXQHPSOR\PHQWUDWH857KLVYDULDEOHLVLQVHUWHGLQWRWKHPRGHOVIRU
WKHLUSUHFLVLRQ7KHDFWXDOUHODWLRQVKLSRIWKHXQHPSOR\PHQWUDWHDQGYDULRXVWD[UHYHQXHVLVGLIIHUHQW,QWKHFDVHRI
SHUVRQDO LQFRPH WD[ DQG9$7 ZH FDQ DVVXPH D QHJDWLYH FRUUHODWLRQ ,Q WKH FDVH RI 3,7 LV FOHDU WKDW WKHPRUH
WD[SD\HUVEHFRPHXQHPSOR\HGWKHORZHUWKH\LHOGRIWKLVWD[,QWKHFDVHRI9$7LWLVHVWLPDWHGWKDWDUHGXFWLRQLQ
GLVSRVDEOHLQFRPHLWLVDVVXPHGWKDWDEXV\PDQKDVDKLJKHUGLVSRVDEOHLQFRPHWKDQXQHPSOR\HGVKDOOEHUHGXFHG
SURSRUWLRQDWHO\ FHUWDLQSRUWLRQRI FRQVXPSWLRQ ,Q WKH FDVHRI WKH LPSDFWRQ&,7FDQEH DVVXPHG WKDW WKHKLJKHU
XQHPSOR\PHQWUDWHFDQORZHUZDJHFRVWVDQGWKXVLWLVSRVVLEOHWRH[SHFWFHUWDLQLQFUHDVHLQWD[UHYHQXH7KHDFWXDO
XQHPSOR\PHQWUDWHLVGRFXPHQWHGLQ)LJXUH


7KHDQDO\VLVEDVHGRQWLPHVHULHVDQDO\VLVFRXOGEHXVHGWRPRGHOHQGRJHQRXVGHOD\HGRUH[SORLWWKHVSHFLILFGXPPLHV7KHVHRSWLRQVKDYH
DUHJUHVVLRQDQDO\VLVWRR%XWWKHUHVXOWVZRXOGWKHQQRWEHLQOLQHZLWKWKHLQWHQGHGREMHFWLYHRIWKLVDUWLFOH
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
6RXUFH2(&'
)LJ8QHPSOR\PHQWUDWHLQ
,QWHUODFLQJ XQHPSOR\PHQW UDWH E\ WUHQG IXQFWLRQ LV XQQHFHVVDU\ EHFDXVH LW LVPHDVXUHG LQ SHUFHQWDJH DQG KDV
FRUUHODWLRQWRWKHSUHYLRXVSHULRG
7KHDFWXDOJUDSKLFDODQDO\VLVRIVHOHFWHGYDULDEOHVVKRZVWKDWXVHUHJUHVVLRQDQDO\VLVIRUWKHFRQVWUXFWLRQRIWKH
UHJUHVVLRQPRGHOLVFRUUHFW2IFRXUVHQRWDOOYDOXHVVKRZOLQHDUWUHQGEXWWKHVHFDVHVDUHRQO\WZRYDULDEOHV
'DWDDQG0HWKRGRORJ\
7KHIROORZLQJVHFWLRQRIWKHSDSHUGHVFULEHVWKHXVHRIGDWDDQGWKHFKRVHQPHWKRGRIPXOWLSOHOLQHDUUHJUHVVLRQ
DQDO\VLV 7KLV VHFWLRQ GLVFXVVHV WKH YDULRXV OLPLWDWLRQV RI LQSXW GDWD DQG PHWKRGRORJLHV ZKLFK PD\ GLVWRUW WKH
UHVXOWV
3.1. Data and their treatment 
,QSXWGDWDDUHHVVHQWLDOIRUTXDOLW\RIGHULYHGHFRQRPHWULFPRGHOV)RUWKLVSRVWDOOGDWDZHUHREWDLQHGIURPWKH
GDWDEDVH2(&'7KHDFWXDOGDWDZDVDGMXVWHGWRYDOXHVLQELOOLRQVRI'DQLVKNURQHU'..,QWKHFDVHRI
H[SRUW YROXPHZDV SHUIRUPHGE\ IRUHLJQ H[FKDQJH UDWH DGMXVWPHQW'.. 86' DFFRUGLQJ WR WKH2(&' 
7LPH VHULHV DUH IURP  WR  7KH \HDU  DOVR FRQWDLQV WKH 2(&' GDWDEDVH EXW LQ PHWKRGRORJLFDO
LQVWUXFWLRQVVWDWHGWKDWWKLVLVRQO\DQHVWLPDWHDQGWKHUHIRUHWKLV\HDUZDVQRWWRWKHVHOHFWHGWLPHVHULHVLQFOXGHG
2WKHUPRGLILFDWLRQVRIGDWDDUHGHWDLOHGLQWKHVHFWLRQWKDWGHDOVZLWKUHJUHVVLRQDQDO\VLV
3.2. Regression analysis 
5HJUHVVLRQ DQDO\VLV LV DQ HFRQRPHWULF VWDWLVWLFDO PHWKRGV GHVFULELQJ VSHFLILHG GHSHQGDQW YDULDEOH E\ XVLQJ
IXQFWLRQDO UHODWLRQVKLSV ZLWK RWKHUV H[SODQDWRU\ YDULDEOHV 7KH DLP RI WKLV PHWKRG LV WR HVWDEOLVK D IXQFWLRQDO
UHODWLRQVKLSZKLFKLVDEOHWREHVWGHVFULEHWKHSURJUHVVRIPRQLWRUHGYDULDEOH
5HJUHVVLRQ IXQFWLRQFDQEHGLYLGHG LQWR OLQHDUUHJUHVVLRQDQDO\VLVDQGQRQOLQHDU ,Q WKHFDVHRI WKLVDUWLFOH WKH
FKRVHQPHWKRG LV OLQHDU 7KH UHDVRQ IRU WKH XVH RI D OLQHDU UHODWLRQVKLS LV D SRVLWLYH FRUUHODWLRQPDMRULW\ RI WKH
UHVSRQVHYDULDEOHVZLWKOLQHDUWUHQGIXQFWLRQ
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7KHDFWXDO UHJUHVVLRQDQDO\VLVFDQDOVREHGLYLGHGDFFRUGLQJ WR WKHQXPEHURIH[SODQDWRU\YDULDEOHV)RUPRUH
H[SODQDWRU\YDULDEOHVLVDPXOWLSOHUHJUHVVLRQDQDO\VLVDQGLQWKHFDVHRIRQO\RQHH[SODQDWRU\YDULDEOHLVDVLPSOH
UHJUHVVLRQ DQDO\VLV 2I FRXUVH LW PD\ KDSSHQ WKDW WKH SODQQHG PXOWLSOH UHJUHVVLRQ DQDO\VLV LV WUDQVIRUPHG LQWR
VLPSOH7KLVLVGXHWRVWDWLVWLFDOLQVLJQLILFDQFHRIRWKHUVHOHFWHGH[SODQDWRU\YDULDEOHV
7KHDFWXDOPXOWLSOHOLQHDUUHJUHVVLRQIXQFWLRQLQJHQHUDOIRUPLVDVIROORZV
 ܻ ൌ ߙ଴ ൅ ߙ௜ ௜ܺ ൅ ߙ௝ ௝ܺ 
ZKHUH <   GHSHQGHQWYDULDEOH
 Ƚ଴   UHJUHVVLRQFRQVWDQW
 Ƚ୧ǡ୨   UHJUHVVLRQSDUDPHWHUV
 ୧ǡ୨   LQGHSHQGHQWYDULDEOHV

7KH DFWXDO TXDOLW\ RI WKH HVWLPDWHG UHJUHVVLRQ IXQFWLRQ GHVFULEHV WKH GHWHUPLQDWLRQ FRHIILFLHQW57KLV IDFWRU
LQGLFDWHV KRZ PXFK RI WKH YDULDQFH REVHUYHG YDULDEOH FDQ GHVFULEH WKH PRGHO VR WKH KLJKHU FRHIILFLHQW RI
GHWHUPLQDWLRQWKHPRUHDFFXUDWHPRGHO
0RGHOLWVHOIKDYHWREHVXEMHFWHGWRYDULRXVVWDWLVWLFDOWHVWVWKDWFDQGHWHFWYDULRXVGLVWRUWLRQ
7KHPRVWLPSRUWDQWWHVWLV)WHVWZKLFKWHVWVWKHPRGHODVDZKROHWRGHWHUPLQHOHYHOVRIVWDWLVWLFDOVLJQLILFDQFH
,Q WKHFDVHRI)WHVW VWDWLVWLFDO VLJQLILFDQFHGHWHUPLQHV WKHSUREDELOLW\RI WKHQXOOK\SRWKHVLV WKDW WKHPRGHO LVQRW
VWDWLVWLFDOO\ VLJQLILFDQW DV DZKROH6WDWLVWLFDO VLJQLILFDQFHZDVGHWHUPLQHGXVLQJSHUFHQWDJHV DQG FRPPRQO\XVHG
OLPLWLV
)RUPXOWLSOHUHJUHVVLRQDQDO\VLVLVDOVRYHU\LPSRUWDQWWWHVWZKLFKWHVWVWKHVWDWLVWLFDOVLJQLILFDQFHRILQGLYLGXDO
H[SODQDWRU\YDULDEOHV
8QIRUWXQDWHO\ WKH TXDOLW\ RI WKHPRGHOV LV DOVR LPSDFWHG E\ YDULRXV VWDWLVWLFDO SKHQRPHQD WKDW FDQ GLVWRUW LW
7KHVHSKHQRPHQDUHVXOWIURPDEUHDFKRI*DXVV0DUN
VDVVXPSWLRQV*0ZKLFKDUHHVVHQWLDOIRUWKHFRQVWUXFWLRQ
RIHFRQRPHWULFPRGHOV
,QWKHFDVHRIOLQHDUGHSHQGHQFHH[SODQDWRU\YDULDEOHWRWKHLUYDOXHVDWWKHWLPHLWLVDQDXWRFRUUHODWLRQ7KHPHUH
SUHVHQFHRI DXWRFRUUHODWLRQGLVWRUWV WKH UHVXOWV RI)WHVW DQG WKH FRHIILFLHQW RIGHWHUPLQDWLRQ7KHSUHVHQFHRI WKH
DXWRFRUUHODWLRQFDQEHGHWHUPLQHGE\XVHRI'XUELQ:DWVRQWHVW':ZKLFKUHMHFWVWKHK\SRWKHVLVRIWKHSUHVHQFH
LIWKLVUHVXOWYDULHVLQWKHLQWHUYDO!7KHOHYHOVFORVHWRWKHERXQGDU\YDOXHVRIWKHVHOHFWHGLQWHUYDOFDQQRW
SURYH RU H[FOXGH DXWRFRUUHODWLRQ 7KH VHFRQG PHWKRG IRU GHWHFWLQJ WKH SUHVHQFH RI DXWRFRUUHODWLRQ LV JUDSKLF
DQDO\VLVRIUHVLGXHV)RUUHPRYDORIDXWRFRUUHODWLRQFDQEHXVHGWRDGGDGHOD\HGHQGRJHQRXVYDULDEOHLQWRPRGHO
,I GHSHQGHQFLHV H[SODQDWRU\ YDULDEOHV EHWZHHQ WKHP LW LV D PXOWLFROOLQHDULW\ 2FFXUUHQFH RI WKLV SKHQRPHQRQ
FDXVHVGLVWRUWLRQRIWWHVW7RGHWHFWWKHSUHVHQFHRIPXOWLFROOLQHDULW\LVSRVVLEOHWRXVHVLPSOHFRUUHODWLRQPDWUL[RI
H[SODQDWRU\YDULDEOHV,QWKHFDVHRIWKHVWURQJGHSHQGHQFHRIH[SODQDWRU\YDULDEOHVLVDGYLVDEOHWRFKRRVHRQO\RQH
RIWKHPWRDYRLGELDVHGPRGHO
*DXVV0DUNRY DVVXPSWLRQV DOVR DVVXPH D QRUPDO GLVWULEXWLRQ RI REVHUYHG YDULDEOHV )RU RWKHU GLVWULEXWLRQV
GLVWRUWLRQPD\RFFXU%XWWKHLVVXHLVPRUHDSUREOHPRIPXOWLGLPHQVLRQDOWLPHVHULHV
7KHFDVHRIWKHRFFXUUHQFHRIKHWHURVNHGDVWLFLW\LVQRWQHHGHGLQWKLVSDSHUWRDQDO\]HEHFDXVHLWDOVRDSSOLHVRI
PXOWLGLPHQVLRQDOWLPHVHULHV
7KH ODVW SUREOHP FRQFHUQLQJ WKH FRQVWUXFWLRQ RI UHJUHVVLRQ PRGHOV LV DSSDUHQW UHJUHVVLRQ 7KLV SKHQRPHQRQ
FDXVHVDWRWDOELDVPRGHODQGRFFXUVZKHQWKHLQGLYLGXDOYDULDEOHVDUHQRQVWDWLRQDU\6WDWLRQDULWLRQRIYDULDEOHVLV
PRVWO\GRQHE\XVLQJGLIIHUHQWLDWLRQRIDFHUWDLQRUGHU PRVWHFRQRPLF WLPHVHULHVXVLQJ WKH ILUVWGLIIHUHQWLDWLRQ@
6WDWLRQDULWLRQ LWVHOI KDV HIIHFW IRU WKH UHPRYDO RI FHUWDLQ LQWHUIHUHQFH HIIHFWV RQ WKH FRXUVH RI WKH VHULHV  WKH


)RUPRUHGHWDLOVVHH$UOWD$UOWRYi
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DGYDQWDJH LV WKDW ZHOOFRQGXFWHG VWDWLRQDULWLRQ LV DEOH WR UHPRYH WKH DXWRFRUUHODWLRQV DQG PXOWLFROOLQHDULW\ 7R
GHWHUPLQHZKHWKHUWKHVHULHVDUHVWDWLRQDU\VHUYHVDGMXVWHG'LFNH\)XOOHUWHVW$')RIXQLWURRW
2EVHUYDWLRQVDQGUHVXOWV
7KHIROORZLQJVHFWLRQGHDOVZLWKWKHFRQVWUXFWLRQRISUHGLFWLYHPRGHOVRIWD[UHYHQXHVIRUWKHVSHFLILHGSHULRGRI
WLPH)LUVW LWVKRXOGEHQRWHG WKDW WKHUHVXOWVRI WHVWLQJVWDWLRQDULW\GHPRQVWUDWHGWKHQHHGWRGLIIHUHQWLDWHDOO WLPH
VHULHV$FFRUGLQJWRWKHUHVXOWVRIWKH$')WHVWVVXIILFHGWKHILUVWGLIIHUHQWLDWLRQWKXVUHVXOWLQJOHQJWKRIWLPHVHULHV
ZHUHIURPWR
3UREOHPVRIPXOWLFROOLQHDULW\ZHUHVROYHGE\GLIIHUHQWLDWLRQDVHYLGHQFHGLQ7DEOH
7DE&RUUHODWLRQPDWUL[
'*'3 '9B(;3 ')3& '85
'*'3    
'9B(;3    
')3&    
'85    
6RXUFH'DWD2(&'$XWKRU¶VDGMXVWPHQWV 
7KH FKHFN RI PXOWLFROOLQHDULW\ VXJJHVWV WKDW LQ WKH FDVH RI D GLIIHUHQWLDWHG OHYHO RI XQHPSOR\PHQW '85 LV
SRVVLEOH RFFXUUHQFH RI D VOLJKW QHJDWLYH FRUUHODWLRQ ZLWK WKH GHYHORSPHQW RI GLIIHUHQWLDWHG ILQDO FRQVXPSWLRQ
')3&
)RUDFWXDOSURRIRIUHODWLRQVKLSWRWKHOHQJWKRIWKHWLPHVHULHVSUHGLFWLRQTXDOLW\ZDVFKRVHQGLVWULEXWLRQRQWLPH
VHULHV  DQG IURP  WR   REVHUYDWLRQV DUH HQRXJK IRU VWDWLVWLFDO VLJQLILFDQFH 7KH UHVXOWV RI
TXDOLW\ HVWLPDWHV DUH WHVWHG XVLQJ DUWLILFLDO VKRUWHQLQJ RI WKH WLPH VHULHV DQG HVWLPDWLQJ DOUHDG\ NQRZQ UHVXOW  D
PHWKRGRIH[SRVWH[DQWH,QWKLVFDVHWKHHVWLPDWHG\HDULV
7KH DFWXDO UHJUHVVLRQ PRGHOV DUH VXPPDUL]HG LQ 7DEOH  ,Q VRPH FDVHV GXH WR VWDWLVWLFDO VLJQLILFDQFH ZHUH
PRGHOVUHGXFHGWRWKHVLPSOHUHJUHVVLRQDQDO\VLV
7DE5HJUHVVLRQPRGHOV
6WDUW 9DULDEOH (TXDWLRQ 5 ':

'7RWDO
'7RWDO ')3&'85  
 '7RWDO '*'3')3&  

'3,7
'3,7 '85  
 '3,7 '85  

'&,7
'&,7 '*'3  
 '&,7 '*'3  

'9$7
'9$7 '*'3')3&  
 '9$7 '*'3')3&  
6RXUFH'DWD2(&'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5HPDUNDEO\WKHUHVXOWVVKRZVKRUWHUWLPHVHULHVPRGHOVKDYHKLJKHUFRHIILFLHQWRIGHWHUPLQDWLRQWKDQORQJHUWLPH
VHULHV7KLVSKHQRPHQRQFDQEHIRXQGWKDWDVKRUWHUWLPHVHULHVKDYHORZHULQFLGHQFHRIYDULRXVH[RJHQRXVIDFWRUV

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RQ WKHPRQLWRUHG YDULDEOH2QFH DJDLQ VKRZV WKDW *'3 LV WKH EHVW H[SODQDWRU\ YDULDEOH IRU WKHPDMRULW\ RI WD[
UHYHQXHV
,QWKHFDVHRIORQJWLPHVHULHVIRUWKHWRWDOWD[FROOHFWLRQKDVQRWEHHQGHPRQVWUDWHGPXOWLFROOLQHDULW\XQGHUOLQHG
LQ7DEOH,W LV LQWHUHVWLQJWKDW LQ WKHFDVHRISHUVRQDO LQFRPHWD[LV WKHRQO\H[SODQDWRU\YDULDEOHRQO\HVWLPDWHG
XQHPSOR\PHQWUDWH
,W ZDV UHODWLYHO\ GLIILFXOW WR HVWLPDWH WKH UHYHQXHV IURP FRUSRUDWH WD[HV ZKHQ LV D FOHDU FRQWUDGLFWLRQ LQ WKH
HVWLPDWHGFRQVWDQWRWKHUPRGHOVKDYHDSRVLWLYHVLJQ,QWKHIROORZLQJVHFWLRQWKLVSKHQRPHQRQLVVWLOOLQWHUSUHWHG
EXW IURP SUHOLPLQDU\ JUDSKLFDO DQDO\VLV )LJXUH  ZDV DSSDUHQW WKDW WKH XVH RI UHJUHVVLRQ DQDO\VLV IRU WKLV WD[
UHYHQXHKDVDFHUWDLQGHJUHHRIGLVWRUWLRQ8QIRUWXQDWHO\HIIRUWVWRHOLPLQDWHWKLVELDVE\XVLQJUHJUHVVLRQDQDO\VLV
ZHUH QRW HQWLUHO\ VXFFHVVIXO ,Q RUGHU WR UHILQH WKHPRGHOZDVXVHG H GHOD\HG HQGRJHQRXV YDULDEOH LQPRGHO DQG
PHWKRG RI DGGLQJ D WLPH WUHQG DV H[SODQDWRU\ YDULDEOH1HLWKHU RI WKHVH DUWLILFLDO RI YDULDEOHVZDV VWDWLVWLFDOO\
VLJQLILFDQW
7KHDFWXDOTXDOLW\RIWKHHVWLPDWHGPRGHOVLVUHODWLYHO\KLJKWKHFRHIILFLHQWRIGHWHUPLQDWLRQJUHDWHUWKDQ
FDQEHWDNHQDVDVXFFHVVLQWKHFDVHRIWKHXVHRIPDFURHFRQRPLFLQGLFDWRUV
7KHDQVZHUWRWKHTXHVWLRQZKHWKHUWKHXVHRIORQJHUWLPHVHULHVDIIHFWVWKHDFFXUDF\RIWKHPRGHOVLVLQ7DEOH
ZKLFKVXPPDUL]HVWKHSUHGLFWLYHDELOLW\RIWKHPRGHOVDQGUHDOLW\
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,Q WKH FDVH RI WRWDO WD[ UHYHQXHV IRU D ORQJHU WLPH VHULHV SURYHG WR EHPRUH DFFXUDWH GXH WR WKH IDFW WKDW WKH
GHYLDWLRQRI VKRUWHQHG WLPH VHULHVZDV DOPRVWGRXEOHG2Q WKHRWKHUKDQG LWPD\EHQRWHG WKDW IRU WZR UHSRUWLQJ
SHULRGVKDYHEHHQXVHGRWKHUH[SODQDWRU\YDULDEOHV VHH7DEOH8QIRUWXQDWHO\ WKHXQHPSOR\PHQW UDWHZDVQRW
VWDWLVWLFDOO\VLJQLILFDQWLQDVKRUWHQHGWLPHVHULHV
)RUSHUVRQDOLQFRPHWD[UHYHQXHZDVHOHFWHGDVDPRUHDFFXUDWHPRGHOZLWKVKRUWHULQSXWWLPHVHULHV+HUHLVIRU
WKH WZRPRGHOV XVHG RQO\ RQH H[SODQDWRU\ YDULDEOH2I FRXUVH D FKDQJH LQ WKH RUGHU RI D IHZ SHUFHQW GRHV QRW
FRQILUPWKHK\SRWKHVLVRIHTXLYDOHQWWKURXJKRXWWKHORQJDQGVKRUWWLPHVHULHVEXWLWLVDYHU\SURPLVLQJUHVXOW
5HYHQXHVIURPFRUSRUDWHWD[HVUHFRJQL]HGLQERWKHVWLPDWHGPRGHOVDYHU\VLJQLILFDQWGHYLDWLRQ7KHUHDVRQIRU
WKLVGHYLDWLRQPD\EHVHOHFWLQJWKHZURQJH[SODQDWRU\YDULDEOHVIRUWKLVWD[LQFRPH(YHQKHUHDVDFFXUDWHVKRZV
WKHXVHRI ORQJHU WLPH VHULHVEXW GXH WR WKH ODUJHGLIIHUHQFHEHWZHHQ WKH UHVXOWV RI WKH HVWLPDWHV DQG UHDOLW\ LW LV
GLIILFXOW KHUH WR GUDZ DQ\ FRQFUHWH FRQFOXVLRQV 7KH DXWKRU OHDQV PRUH WRZDUGV WKH XVH RI GLIIHUHQW HVWLPDWLRQ
PHWKRGRORJLHV
)RU JHQHUDO H[FLVH WD[ UHYHQXH LV VOLJKWO\ PRUH DFFXUDWH PRGHO ZLWK D VKRUWHU WLPH VHULHV &RQVLGHULQJ WKH
PLQLPDOGLIIHUHQFHVEHWZHHQWKHORQJHUDQGVKRUWHUWLPHVHULHVLVKHUHGLIILFXOWWRFOHDUO\GHWHUPLQHZKLFKPRGHOLV
PRUHDFFXUDWH
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&RQFOXVLRQ
7KHDFWXDO UHVXOWVVKRZHGWKHSRVVLELOLW\ WKDW LQ WKHFDVHRIXVLQJVKRUWHU WLPHVHULHVDQG WKHVDPHH[SODQDWRU\
YDULDEOHVWKHHVWLPDWLRQUHVXOWPD\EHWKHVDPHPD\EHHYHQEHWWHUWKDQLQWKHFDVHRIXVLQJDORQJHUWLPHVHULHV
([FHSWLRQ LV WKH FRUSRUDWH LQFRPH WD[ ZKLFK LV E\ WKH DXWKRU
V RSLQLRQ GLVWRUWHG 7KH DFWXDO UHVXOWV UDWKHU QRW
FRQILUPWKHK\SRWKHVLVWKDWWKHORQJHULQSXWWLPHVHULHVWKHEHWWHUPRGHO7KHFDXVHVRIWKHVHUHVXOWVPD\EHPDQ\
H[RJHQRXVIDFWRUVDFWLQJRQWD[UHYHQXHVWKHQXPEHURILQGLYLGXDOPLQRUOHJLVODWLYHFKDQJHVLVLQWKHFRXUVHRIRQH
\HDU LVYHU\KLJKDQGFDQ WKHUHIRUHGLVWRUWHG ORQJHU WLPHVHULHV ,QJHQHUDO LWFRXOGEHDUJXHG WKDW LQ WKHFDVHRI
HVWLPDWLQJWD[UHYHQXHVLVPRUHLPSRUWDQWUHODWLYHVWDELOLW\RIWKHV\VWHPOHVVH[RJHQRXVIDFWRUVWKDQWKHOHQJWKRI
WKHWLPHVHULHV
:KHQFRPSDULQJWKHVHUHVXOWVZHFDQPHQWLRQ.OD]DUZKLFKDOVRLQKLVZRUNPHQWLRQHGLPSRUWDQFHRI
WKH VWDELOLW\ RI WKH HVWLPDWHG V\VWHP ,Q WHUPV RI SRVVLEOH H[RJHQRXV IDFWRUV VKRXOG EH PHQWLRQHG âSDOHN DQG
0RUDYHQVNêZKRDUHDVRQHRIWKHELJJHVWPLVWDNHVRIHVWLPDWHVUHSRUWHGDPRXQWVRIXQIRUHVHHQOHJLVODWLYH
FKDQJHVGXULQJWKHIRUHFDVWSHULRG
2IFRXUVHWKLVWHVWLQJRQO\IRURQHFRXQWU\LVQRWYHU\LQIRUPDWLYH)RUDFKLHYHPRUHDFFXUDWHUHVXOWVZRXOGEH
DSSURSULDWHWRH[WHQGWKHPRGHOWRPRUHVWDWHVRUWU\WRFRPSDUHWKHDFFXUDF\RIWKHDQQXDOWLPHVHULHVDQGVHULHV
ZLWKORZHUIUHTXHQF\EXWWKHVHDOWHUQDWLYHVZRXOGEHEH\RQGWKHVFRSHRIWKLVDUWLFOH
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UHJLVWHUHGE\WKH,*$9â(XQGHUWKHUHJLVWUDWLRQQXPEHU)
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